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SPECIFICATION 



TITLE OF THE INVENTION 



Optical amplifier apparatus 



5 



TECHNICAL FIELD 

The present invention relates to an optical amplifier 
apparatus. More particularly, this invention relates to 
the optical amplifier apparatus which is utilized for an 
10 optical repeater and others for wavelength multiplex 
transmission. 

BACKGROUND ART 

In recent years, along the rapid increase in demand 
15 for communications using the Internet and the like, there 
have been actively progressed researches and developments 
into and practical application of ' large-capacity and 
high-speed transmission systems in networks . As one of such 
signal transmission systems, a wavelength multiplex 
20 transmission system for transmitting signals by 
multiplexing signal lights of a plurality of mutually 
different wavelengths through one transmission fiber has 
been known. According to signal transmission based on the 
wavelength multiplex transmission system, it is possible 
25 to transmit information for each signal of each wavelength, 
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and this system is suitable for large-capacity transmission . 
An optical fiber amplifier (an optical amplifier) 
constructed of a rare-earth-added optical fiber has the 
following characteristics, and is suitable for application 
5 to wavelength multiplex transmission. The amplifier does 
not depend on a transmission speed, the amplifier can 
simplify repeaters, and the amplifier collectively 
amplifies all input signal lights. 

However, the optical amplifier has gain wavelength 

10 dependency, and it has been known that there occurs a variance 
between wavelengths in the light output or the gain of each 
wavelength after the amplification. Therefore, there 
occurs a variance between wavelengths in the optical power 
after the transmission. Particularly, when carrying out 

15 a multi-stage repeating by the optical amplifier, the 
■ variance between wavelengths due to the optical amplifier 
at each repeating stage is accumulated. This brings about 
the inconvenience that the variance between wavelengths of 
the optical power after the transmission becomes larger. 

20 As an example of an optical amplifier gain equalization 

technique for solving the above problem, there is a technique 
(an optical equalization amplifier) as disclosed in Japanese 
Patent Application Laid-open No. 9-211507. This optical 
equalization amplifier is an apparatus for equalizing the 

25 output levels of a plurality of wavelength components as 
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well as making constant the light input and output levels, 
in the amplification of wavelength-multiplexed lights. As 
shown in Fig. 17, the optical equalization amplifier has 
an optical amplifier 103 and a variable optical attenuator 
5 104 arranged between an input terminal 101 and an output 
terminal 102. 

The optical amplifier 103 has such gain inclination 
characteristics, that a gain at a long wavelength side 
becomes smaller when the excitation ratio is high, and that 

10 a gain at a short wavelength side becomes smaller when the 
excitation ratio is low. In other words, the optical 
amplifier 103 has a negative inclination of gain relative 
to wavelength when the excitation ratio is high, and has 
a positive inclination of gain relative to wavelength when 

15 the excitation ratio is low. As an example of a means which 
changes the excitation ratio, there are an excitation power 
control unit, and an optical level control unit for 
controlling a signal light that is input to the amplifier. 

In the above optical amplifier apparatus, an input 

20 wavelength-multiplexed signal is amplified by the optical 
amplifier 103. A level of each wavelength is detected at 
the output side of the optical amplifier 103. The optical 
amplifier apparatus controls the excitation power (gain 
control) of the optical amplifier 103 so that the levels 

25. (gains) of the wavelengths are equalized. An output level 
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is detected at the output side of the variable optical 
attenuator 104 . The optical amplifier apparatus controls 

(output control) the attenuation of the output signal light 
of the variable optical attenuator 104. 

However, a transmission line and a passive device have 
wavelength dependency attenuation, and therefore, optical 
signals of different levels are received at the input of 
the optical amplifier. This brings about a variance in the 
optical levels between the wavelengths. A variance of 
optical levels generated by one optical amplifier is small. 
However, as dozens to hundreds of optical amplifiers are 
provided for long-distance transmission like a submarine 
cable that connects between continents, the accumulation 
of such variances results in a small optical level in a channel 
of a specific signal wavelength. This has a risk of. 
deteriorating an optical signal to noise ratio. 

As the wavelength signal of the lowest power among 
the multiplexed wavelengths becomes a lower limit of 
reception power after the transmission, a maximum 
transmission distance is limited by the wavelength signal 
of the lowest power. Therefore, it is important to lower 
the variance between wavelengths after the transmission, 
in order to expand the maximum repetition transmission 
distance. For minimizing the variance in the optical signal 
to noise ratio between channels after the transmission and 



minimizing the variance in the reception characteristics, 
there is a technique of providing a gain inclination at the 
transmission side in advance (pre-emphasizing) . An inline 
automatic gain inclination compensator may be inserted into 
the transmission line. 

However, the provision of a large" pre-emphasis lowers 
an optical SNR, and this also distorts a signal waveform 
due to a nonlinear effect of the transmission line 
attributable to the rise in signal optical power of a distance 
average. The pre-emphasis has inconvenience that the 
pre-emphasis effect becomes smaller as the transmission 
distance becomes longer. On the other hand, the inline 
automatic gain inclination compensator can minimize 
excessive deterioration of the optical SNR and the reception 
characteristics. However, there are other problems like 
the reliability of this compensator and the increase in the 
cost of the apparatus. 

It is an object of this invention to provide an optical 
amplifier apparatus capable of controlling a gain 
inclination and making constant a light output level in 
amplifying wavelength-multiplexed lights, without 
depending on the provision of pre-emphasis and without 
generating other problems like the reliability of a 
compensator and the increase in the cost of the apparatus. 
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DISCLOSURE OF THE INVENTION 

The optical amplifier apparatus according to one 
aspect of the present invention comprises an optical 
amplifier which amplifies an input signal light, an output 
5 detecting unit which detects an output level of the optical 
amplifier, an output control unit which controls an output 
level of the optical amplifier according to an output level 
detected by the output detecting unit, a gain inclination 
detecting unit which detects a gain inclination relating 
10 to a wavelength of the optical amplifier, and a . gain 
inclination control unit which controls a gain inclination 
of the optical amplifier according to a gain inclination 
detected by the gain inclination detecting unit. 

The optical amplifier apparatus according to another 
15 aspect of the present invention comprises an optical 
amplifier which amplifies an input wavelength-multiplexed 
signal light, an optical variable attenuator which 
attenuates an output signal light of the optical amplifier, 
an output detecting unit which detects an output level at 
20 an output side of the optical variable attenuator, an output 
control unit which controls the attenuation of an output 
signal light attenuated by the optical variable attenuator 
according to an output level detected by the output detecting 
unit, a gain inclination detecting unit which detects a gain 
2 5 inclination relating to a wavelength of the optical amplifier, 
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and a gain inclination control unit which controls a gain 
inclination by adjusting an output light of an excitation 
light source of the optical amplifier according to a gain 
inclination detected by the gain inclination detecting unit . 

The optical amplifier apparatus according to still 
another aspect of the present invention comprises an optical 
amplifier which amplifies an input wavelength-multiplexed 
signal light, an optical variable attenuator which 
attenuates an output signal light of the optical amplifier, 
an output detecting unit which detects an output level at 
an output side of the optical variable attenuator, an output 
control unit which controls an output light of an excitation 
light source of the optical amplifier according to an output 
level detected by the output detecting unit, a gain 
inclination detecting unit which detects a gain inclination 
relating to a wavelength of the optical amplifier, and a 
gain inclination control unit which controls a gain 
inclination by^adj us ting the attenuation of an output signal 
light attenuated by the optical variable attenuator 
according to a gain inclination detected by the gain 
inclination detecting unit. 

The optical amplifier apparatus according to still 
another aspect of the present invention comprises an optical 
amplifier which amplifies an input wavelength-multiplexed 
signal light, a compensation light source which injects a 



compensation light that propagates in a forward direction 
of a propagation direction of an input signal light to the 
optical amplifier, a wavelength selecting unit which 
interrupts a compensation light at an output side of the 
5 optical amplifier, and transmits only a signal light, an 
output detecting unit which detects an output level of a 
signal light at an output side of the wavelength selecting 
unit, an output control unit which controls an output light 
of the compensation light source according to an output level 

10 detected by the output detecting unit, a gain inclination 
detecting unit which detects a gain inclination of the 
optical amplifier, and a gain inclination control unit which 
controls a gain inclination by adjusting an output light 
of an excitation light source of the optical amplifier 

15 according to a gain inclination detected by the gain 
inclination detecting unit . 

The optical amplifier apparatus according to still 
another aspect of the present invention comprises an optical 
amplifier which amplifies an input wavelength-multiplexed 

20 signal light, a compensation light source which injects a 
compensation light that propagates in a- forward direction 
of a propagation direction of the input signal light to the 
optical amplifier, a wavelength selecting unit which 
interrupts a compensation light at an output side of the 

25 optical amplifier, and transmits only a signal light, an 
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output detecting unit which detects an output level of a 
signal light at an output side of the wavelength selecting 
unit, an output control unit which controls an output light 
of an excitation light source of the optical amplifier 
5 according to an output level detected by the output detecting 
unit, a gain inclination detecting unit which detects a gain 
inclination of the optical amplifier, and a gain inclination 
control unit which controls a gain inclination by adjusting 
an output light of the compensation light source according 

10 to a, gain inclination detected by the gain inclination 
detecting unit. 

The optical amplifier apparatus according to still 
another aspect of the present invention comprises an optical 
amplifier which amplifies an input wavelength-multiplexed 

15 signal light, a compensation light source which injects a 
compensation light that propagates in a forward direction 
of a propagation direction of the input signal light to the 
optical amplifier, an optical variable attenuator which 
attenuates an output signal light of the optical amplifier, 

20 a wavelength selecting unit which interrupts a compensation 
light at an output side of the optical variable attenuator, 
and transmits only a signal light, an output detecting unit 
which detects an output level of a signal light at an output 
side of the wavelength selecting unit, an output control 

25 unit which controls the attenuation of an output signal light 
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of the optical variable attenuator according to an output 
level detected by the output detecting unit, a gain 
inclination detecting unit which detects a gain inclination 
of the optical amplifier, and a gain inclination control 
5 unit which controls a gain inclination by ad j us ting an output 
light of the compensation light source according to a gain 
■ inclination detected by the gain inclination detecting unit . 

The optical amplifier apparatus according to still 
another aspect of the present invention comprises an optical 

10 amplifier which amplifies an input wavelength-multiplexed 
signal light, a compensation light source which injects a 
compensation light that propagates in a forward direction 
of a propagation direction of the input signal light to the 
optical amplifier, an optical variable attenuator which 

15 attenuates an output signal light of the optical amplifier, 
a wavelength selecting unit which interrupts a compensation 
light at an output side of the optical variable attenuator, 
and transmits only a signal light,, an output detecting unit 
which detects an output level of a signal light at an output 

20 side of the wavelength selecting unit, an output control 
unit which controls an output light of the compensation light 
source according to an output level detected by the output 
detecting unit, a gain inclination detecting unit which 
detects a gain inclination of the optical amplifier, and 

25 a gain inclination control unit which controls a gain 
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inclination by adjusting the attenuation of an output signal 
light attenuated by the optical variable attenuator 
according to a gain inclination detected by the gain 
inclination detecting unit. 
5 The optical amplifier apparatus according to still 

another aspect of the present invention comprises a first 
optical amplifier which amplifies an input 
wavelength-multiplexed signal light, an optical variable 
attenuator which attenuates an output signal light of the 

10 first optical amplifier, a second optical amplifier which 
amplifies an output signal light of the optical variable 
attenuator, an output detecting unit which detects an output 
level at an output side of the second optical amplifier, 
an output control unit which controls the attenuation of 

15 an output signal light attenuated by the optical variable 
attenuator according to an output level detected by the 
output detecting unit, a gain inclination detecting unit 
which detects a gain inclination of the second optical 
amplifier, and a gain inclination control unit which controls 

20 a gain inclination by adjusting output lights of excitation 
light sources of the first optical amplifier and the second 
optical amplifier according to a gain inclination detected 
by the gain inclination detecting unit. 

The optical amplifier apparatus according to still 

25 another aspect of the present invention comprises a first 
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optical amplifier which amplifies an input 
wavelength-multiplexed signal light, an optical variable 
attenuator which attenuates an output signal light of the 
first optical amplifier, a second optical amplifier which 
5 amplifies an output signal light of the optical variable 
attenuator, an output detecting unit which detects an output 
level at an output side of the second optical amplifier, 
an output control unit which controls output lights of 
excitation light sources of the first optical amplifier and 

10 the second optical amplifier according to an output level 
detected by the output detecting unit, a gain inclination 
detecting unit which detects a gain inclination of the second 
optical amplifier, and a gain inclination control unit which 
controls a gain inclination by adjusting the attenuation 

15 of an output signal light attenuated by the optical variable 
attenuator according to a gain inclination detected by the 
gain inclination detecting unit. 

The optical amplifier apparatus according to still 
another aspect of the present invention comprises an optical 

20 amplifier which amplifies an input wavelength-multiplexed 
signal light, a compensation light source which injects a 
compensation light that propagates in a forward direction 
of a propagation direction of the input signal light to the 
optical amplifier, a first optical amplifier which amplifies 

25 the signal light, an optical variable attenuator which 
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attenuates an output signal light of the first optical 
amplifier, a second optical amplifier which amplifies an 
output signal light of the optical variable attenuator, a 
wavelength selecting unit which interrupts a compensation 
5 light at an output side of the second optical amplifier, 
and transmits only a signal light, an output detecting unit 
which detects an output level of a signal light at an output 
side of the wavelength selecting unit, an output control 
unit which controls the attenuation of an output signal light 

10 attenuated by the optical variable attenuator according to 
an output level detected by the output detecting unit, a 
gain inclination detecting unit which detects a gain 
inclination of the second optical amplifier, and a gain 
inclination control unit which controls a gain inclination 

15 by adjusting an output light of the compensation light source 
according to a gain inclination detected by the gain 
inclination detecting unit. 

The optical amplifier apparatus according to still 
another aspect of the present invention comprises an optical 

20 amplifier which amplifies an input wavelength-multiplexed 
signal light, a compensation light source which injects a 
compensation light that propagates in a forward direction 
of a propagation direction of the input signal light to the 
optical amplifier, a first optical amplifier which amplifies 

25 the signal light, an optical variable attenuator which 
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attenuates an output signal light of the first optical 
amplifier, a second optical amplifier which amplifies an 
output signal light of the optical variable attenuator, a 
wavelength selecting unit which interrupts a compensation 
5 light at an output side of the second optical amplifier, 
and transmits only a signal light, an output detecting unit 
which detects an output level of a signal light at an output 
side of the wavelength selecting unit, an output control 
unit which controls an output light of the compensation light 

10 source according to an output level detected- by the output 
detecting unit, a gain inclination detecting unit which 
detects a gain inclination of the second optical amplifier, 
and a gain inclination control unit which controls a gain 
inclination by adjusting the attenuation of an output signal 

15 light attenuated by the optical variable attenuator 
according to a gain inclination detected by the gain 
inclination detecting unit. 

The optical amplifier apparatus according to still 
another aspect of the present invention comprises an optical 

20 amplifier which amplifies an input wavelength-multiplexed 
signal light, a compensation light source which injects a 
compensation light that propagates in a forward direction 
of a propagation direction of the input signal light to the 
optical amplifier, a first optical amplifier which amplifies 

25 the signal light, a s econd opt ical ampli f ier which ampli f ie s 
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an output signal light of the first optical amplifier, a 
wavelength selecting unit which interrupts a compensation 
light at an output side of the second optical amplifier, 
and transmits only a signal light, an output detecting unit 
5 which detects an output level of a signal light at an output 
side of the wavelength selecting unit, an output control 
unit which controls output lights of excitation light sources 
of the first optical amplifier and the second optical 
ampli f ier according to an output level detected by the output 

10 detecting unit, a gain inclination detecting unit which 
detects a gain inclination of the optical amplifier, and 
a gain inclination control unit which controls a gain 
inclination by adjusting an output light of the compensation 
light source according to a gain inclination detected by 

15 the gain inclination detecting unit. 

The optical amplifier apparatus according to still 
another aspect of the present invention comprises an optical 
amplifier which amplifies an input wavelength-multiplexed 
signal light in an excitation light source, a compensation 

20 light source which injects a compensation light that 
propagates in a forward direction of a propagation direction 
of the input signal light to the optical amplifier, a first 
optical amplifier which amplifies the signal light, a second 
optical amplifier which amplifies an output signal light 

25 of the first optical amplifier, a wavelength selecting unit 



which interrupts a compensation light at an output side of 
the second optical amplifier, and transmits only a signal 
light, an output detecting unit which detects an output level 
of a signal light at an output sideofthe wavelength selecting 
5 unit, an output control unit which controls an output light 
of the compensation light source according to an output level 
detected by the output detecting unit, a gain inclination 
detecting unit which detects a gain inclination of the second 
optical amplifier, and a gain inclination control unit which 

10 controls a gain inclination by adjusting output lights of 
an excitation light source of the first optical amplifier 
and an excitation light source of the second optical 
amplifier according to a gain inclination detected by the 
gain inclination detecting unit. 

15 In the above-mentioned optical amplifier apparatus, 

the gain inclination detecting unit branches a 
wavelength-multiplexed signal light, and detects a gain 
inclination from optical signal levels of a shortest wave 
and a longest wave. 

20 In the above-mentioned optical amplifier apparatus, 

the gain inclination detecting unit branches a 
wavelength-multiplexed signal light, and detects a gain 
inclination from optical signal levels of three or more 
waves . 

25 In the above-mentioned optical amplifier apparatus, 



the optical amplifier apparatus inputs a 

wavelength-multiplexed signal light having mutually 
different frequency components superimposed on optical 
signals of a shortest wave and a longest wave respectively, 
5 and the gain inclination detecting unit detects frequency 
components superimposed on the optical signals of respective 
wavelengths thereby to detect a gain inclination. 

In the above-mentioned optical amplifier apparatus, 
the optical amplifier apparatus inputs a 

10 wavelength-multiplexed signal light having mutually 
different frequency components superimposed on optical 
signals of three or more waves respectively, and the gain 
inclination detecting unit detects frequency components 
superimposed on the optical signals thereby to detect a gain 

15 inclination. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing a structure of a first 
embodiment of an optical amplifier apparatus according to 

20 the. present invention; Fig. 2 is a graph showing an example 
of a gain inclination control of the optical amplifier 
apparatus according to the first embodiment; Fig. 3 is a 
diagram showing a structure of one example of a gain 
inclination detecting unit in an optical amplifier apparatus 

25 according to the present invention; Fig. 4 is a diagram 
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showing a structure of another example of a gain inclination 
detecting unit in an optical amplifier apparatus according 
to the present invention; Fig. 5 is a diagram showing a 
structure of a second embodiment of an optical amplifier 
5 apparatus according to the present invention; Fig. 6 is a 
diagram showing a structure of a third embodiment of an 
optical amplifier apparatus according to the present 
invention; Fig. 7 is a diagram showing a structure of a fourth 
embodiment of an optical amplifier apparatus according to 

10 the present invention; Fig . 8 is a diagram showing a structure 
of a fifth embodiment of an optical amplifier apparatus 
according to the present invention; Fig. 9 is a diagram 
showing a structure of a sixth embodiment of an optical 
amplifier apparatus according to the present invention; Fig . 

15 10 is a diagram showing a structure of a seventh embodiment 
of an optical amplifier apparatus according to the present 
invention; Fig. 11 is a graph showing an example of a gain 
inclination control of the optical amplifier apparatus 
according to the seventh embodiment; Fig. 12 is a diagram 

20 . showing a structure of an eighth embodiment of an optical 
amplifier apparatus according to the present invention; Fig . 
13 is a diagram showing a structure of a ninth embodiment 
of an optical amplifier apparatus according to the present 
invention; Fig. 14 is a diagram showing a structure of a 

25 tenth embodiment of an optical amplifier apparatus according 
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to the present invention; Fig. 15 is a diagram showing a 
structure of an eleventh embodiment of an optical amplifier 
apparatus according to the present invention; Fig. 16 is 
a .diagram showing a structure of a twelfth embodiment of 
5 an optical amplifier apparatus according to the present 
invention; and Fig. 17 is a diagram showing an example of 
a conventional structure of an optical amplifier apparatus . 

BEST MODE FOR CARRYING OUT THE INVENTION 

10 Embodiments of an optical amplifier apparatus 

according to the present invention will be explained in 
detail below with reference to the attached drawings. 
First Embodiment: 

Fig. 1 shows a first embodiment of an optical amplifier 

15 apparatus according to the present invention. In Fig. 1, 
a reference numeral 1 denotes an input terminal, a reference 
numeral 2 denotes an output terminal, a reference numeral 
3 denotes an optical amplifier, a reference numeral 4 denotes 
an optical variable attenuator, a reference numeral 5 denotes 

20 an output detecting unit, a reference numeral 6 denotes an 
output control unit, a reference numeral 7 denotes a gain 
inclination detecting unit, and a reference numeral 8 denotes 
a gain inclination control unit. 

The optical amplifier apparatus of the first 

25 embodiment has the optical amplifier 3, the optical variable 
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attenuator 4, the output detect ing uni t 5 , the output control 
unit 6, the gain inclination detecting unit 7, and the gain 
inclination control unit 8. The optical amplifier 3 
amplifies a wavelength-multiplexed signal light that is 
input to the input terminal 1 connected with a not shown 
optical fiber. 

The optical variable attenuator 4 variably attenuates 
an output signal light of the optical amplifier 3. Such 
an optical variable attenuator can be realized by, for 
example , a Faraday rotor that utilizes a magneto op tic effect . 
It is also possible to structure this optical variable 
attenuator 4 with a device utilizing an electrooptic effect 
of LiNb0 3 or an. acous tooptica effect. 

The output detecting unit 5 detects an output level 
of the optical variable attenuator 4, and outputs the 
detected value of the output level to the output control 
unit 6. The output control unit 6 controls the attenuation 
of an output signal light attenuated by the optical variable 
attenuator 4 according to the detection value, so that an 
' output level detected by the output detecting unit 5 becomes 
constant. 

The gain inclination detecting unit 7 detects a gain 
inclination from an output of the optical variable attenuator 
4, and outputs this detection value to the gain inclination 
control unit 8 . The gain inclination control unit 8 adjusts 
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an excitation light of the optical amplifier 3 according 
to a gain inclination (a detection value) that is detected 
by the gain inclination detecting unit 7 . 

Fig. 2 shows an example of a gain inclination control. 
5 In this gain inclination control, the control is carried 
out by setting an input level of the optical amplifier 3 
to -8dBm, an output level of the optical variable attenuator 
4 to +ldBm, and a gain G of the optical amplifier 3 to 9, 
11, and 13 dB respectively.. It can be understood from this 

10 that the gain inclination is controlled by controlling only 
the gain G of the optical amplifier 3. Based on the above 
control, it is possible to realize an optical amplifier 
apparatus capable of controlling the gain inclination as 
well as making constant the optical output level, in the 

15 amplification of a wavelength-multiplexed signal light. 

A detailed example of the gain inclination detecting 
unit 7 will be explained next with reference to Fig. 3. This 
gain inclination detecting unit 7 is for branching a 
wavelength-multiplexed signal light, and detecting a gain 

20 inclination from optical signal levels of a shortest 
wavelength XI and a longest wavelength Xn . The wavelength 
selecting unit 9 divides only the components of the shortest 
wavelength XI and the longest wavelength Xn out of a 
wavelength-multiplexed signal light that is output from the 

25 optical amplifier 3, more strictly, a 
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wavelength-multiplexed signal light output of the optical 
variable attenuator 4 . The wavelength selecting unit 9 then 
sends the respective components to optical detecting units 
10-1 and 10-n. It is possible to structure the wavelength 
selecting unit 9 with ease by using an optical filter. It 
is possible to use a photodiode, an avalanche photodiode, 
and a photocounter for the optical detecting units 10-1 and 
10-n respectively. 

The shortest wavelength XI is sent to the optical 
detecting unit 10-1, and the longest wavelength Xn is sent 
to the optical detecting unit 10-n. The optical detecting 
units 10-1 and 10-n convert the received lights into electric 
signals respectively, and detect a level of the shortest 
wavelength XI and a level of the longest wavelength Xn of 
the signal light respectively. The detection values are 
sent to a gain inclination detecting circuit 11. The gain 
inclination detecting circuit 11 can detect a gain 
inclination by comparing the level of the shortest wavelength 
A.1 with the level of the longest wavelength Xn . 

In this first embodiment, it is explained that the 
gain inclination is detected from the components of the 
shortest wavelength XI and the level of the longest 
wavelength Xn. However, it is also possible to detect a 
gain inclination from optical signal levels of three or more 
waves. In this case, wavelength selecting units may be 
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inserted by a number of multiplexed wavelengths of a 
wavelength-multiplexed optical signal. These wavelength 
selecting units divide the signal light having the 
wavelengths^l , X2 , . . . , and Xn multiplexed together, and send 
5 wavelength signals of these wavelengths XI, X2 , and 
Xn to respective optical detecting units. Thereafter, the 
operation similar to that of the above embodiment is carried 
out . 

It is also possible to arrange such that a transmitter 

10 side superimposes mutually different freguency components 
on the optical signals of the shortest wavelength ^1 and 
the longest wavelength X2 respectively . Then, the freguency 
components superimposed on the optical signals of respective 
wavelengths may be detected to detect a gain inclination. 

15 When a low- frequency tone signal superimposing system is 
employed, it is possible to accurately control a gain without 
an influence of cumulative natural discharge optical noise. 
An example of a structure this gain inclination detecting 
unit 7 will be explained with reference to Fig. 4 . The gain 

20 inclination detecting unit 7 is constructed of an optical 
detecting unit 10, band-pass filters (BPF's) 12-1 and 12-n, 
level detecting units 13-1 and 13-n, and a gain inclination 
detecting circuit 14. 

A wavelength-multiplexed signal light output of an 

25 optical repeater is input to the optical detecting unit 10. 
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The band-pass filters 12-1 and 12-n extract respectively 
the frequency components allocated to wavelengths, from a 
detection signal. The level detecting units 13-1 and 13-n 
detect respectively the levels of signal lights of these 
5 frequency components. 

In this case, the band-pass filter 12-1 extracts a 
frequency component fl that has been superimposed on the 
shortest wavelength XI, and the band-pass filter 12-n 
extracts a frequency component fn that has been superimposed 

10 on the longest wavelength Xn . The level detecting units 
13-1 and 13-n detect respectively the levels of the extracted 
frequency components fl and fn, and send the respective 
detection values to the gain inclination detecting circuit 
14. The gain inclination detecting circuit 14 detects a 

15 gain inclination by comparing the levels of these frequency 
components . 

In this first embodiment, it is explained that the 
gain inclination is detected by superimposing mutually 
different frequency components on only the shortest 

20 wavelength and the longest wavelength. However, it is also 
possible to superimpose mutually different frequency 
components on optical signals of three or more waves. The 
gain inclination detecting circuit detects the superimposed 
frequency components thereby to detect a gain inclination. 

25 In this case, it is necessary to mutually differentiate the 
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wavelengths of the lights that are output from respective 
optical transmitters, and mutually differentiate the 
frequencies of sinusoidal wave signals that are superimposed. 
Further, band-pass filters and level detectors 
5 corresponding to the number of superimposed frequencies need 
to be prepared respectively for the gain inclination 
detecting unit 7 . The center frequency of each band-pass 
filter is corresponded to the frequency of each sinusoidal 
wave signal that is superimposed. 

10 Second ' Embodiment : 

Fig . 5 shows a second embodiment of an optical amplifier 
apparatus according to the present invention. In Fig. 5, 
portions corresponding to those in Fig. 1 are attached with 
like reference numerals of the portions in Fig. 1, and their 

15 explanation will be omitted. 

The optical amplifier apparatus of the second 
embodiment has the optical amplifier 3, the optical variable 
attenuator 4, the output detecting unit 5, an output control 
unit 15, the gain inclination detecting unit 7, and a gain 

20 inclination control unit 16. 

The output control unit 15 controls an output light 
of an excitation light source of the optical amplifier 3 
so that an output level becomes constant, according to an 
output level detected by the output detecting unit 5. The 

25 gain inclination control unit 16 controls a gain inclination 
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to an optimum value by adjusting the attenuation of an output 
signal light attenuated by the optical variable attenuator 
4 according to a gain inclination detected by the gain 
inclination detecting unit 7. 
5 Based on the above control, in this second embodiment 

also, like in the first embodiment, it is possible to realize 
an optical amplifier apparatus capable of controlling the 
gain inclination as well as making constant the optical 
output level, in the amplification of a 
10 wavelength-multiplexed signal light. 
Third Embodiment: 

Fig. 6 shows a third embodiment of an optical amplifier 
apparatus according to the present invention. In Fig. 6, 
portions corresponding to those in Fig. 1 are attached with 
15 like reference numerals of the portions in Fig. 1, and their 
explanation will be omitted. 

The optical amplifier apparatus of the third 
embodiment has the optical amplifier 3, a compensation light 
source 17, a wavelength selecting unit 18, the output 
20 detecting unit 5, an output control unit 19, the gain 
inclination detecting unit 7, and the gain inclination 
control unit 8 . 

The compensation light source 17 injects to an input 
side of the optical amplifier 3 a compensation light that 
25 propagates in a forward direction of a propagation direction 
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of an input signal light to the optical amplifier 3. In 
this case, the gain of the optical amplifier 3 changes 
depending on total power of a signal light and a compensation 
light. Therefore, the power of the signal light changes 
depending on the power of the compensation light, and then 
the level of a wavelength-multiplexed signal light at an 
output terminal 2 changes. The wavelength selecting unit 
18 is constructed of an optical rejection filter or a coupler, 
for example. This wavelength selecting unit 18 interrupts 
only a light of the wavelength of the compensation light 
source 17 (the compensation light) out of the output light 
of the optical amplifier 3, and transmits other components 
of the wavelength-multiplexed signal light. 

The output detecting unit 5 detects an output level 
of a wavelength-multiplexed signal light at an output side 
of the wavelength selecting unit 18, and outputs a detection 
value to the output control unit 19. The output control 
unit 19 controls an output level of the compensation light 
source 17 according to the detection value so that the output 
level detected by the output detecting unit 5 becomes 
constant. The gain inclination detecting unit 7 detects 
a gain inclination from an output of the optical variable 
attenuator 4, and outputs a detection value to the gain 
inclination control unit 8. The gain inclination control 
unit 8 controls the gain inclination to an optimum value 
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by adjusting an excitation light of the optical amplifier 
3 according to a gain inclination (a detection value) 
detected by the gain inclination detecting unit 7 . 

Therefore, in this third embodiment also, like in the 
first embodiment, it is possible to realize an optical 
amplifier apparatus Capable of controlling the gain 
inclination as well as making constant the optical output 
level, in the amplification of a wavelength-multiplexed 
signal light. 
Fourth Embodiment : 

Fig . 7 shows a fourth embodiment of an optical amplifier 
apparatus according to the present invention. In Fig. 7, 
portions corresponding to those in Fig. 5 and Fig. 6 are 
attached with like reference numerals of the portions in 
Fig. 5 and Fig. 6, and their explanation will be omitted. 

The optical amplifier apparatus of the fourth 
embodiment has the optical amplifier 3, the compensation 
light source 17 , the wavelength selecting unit 1 8 , the output 
detecting unit 5, the output control unit 15, the gain 
inclination detecting unit 7, and a gain inclination control 
unit 20. 

The output detecting unit 5 detects an output level 
of a wavelength-multiplexed signal light at an output side 
of the wavelength selecting unit 18, and outputs a detection 
value to the output control unit 15. The output control 
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unit 15 controls an output light of an excitation light source 
of the optical amplifier 3 according to the detection value 
so that the output level detected by the output detecting 
unit 5 becomes constant. The gain inclination detecting 
5 unit 7 detects a gain inclination f roraan output of the optical 
variable attenuator 4, and outputs a detection value to the 
gain inclination control unit 20. The gain inclination 
control unit 20 controls the gain inclination to an optimum 
value by adjusting an output level of the compensation light 
10 source 17 according to a gain inclination (i.e. a value of 
the gain inclination) detected by the gain inclination 
detecting unit 7 . 

Therefore, in this fourth embodiment also, like in 
the first embodiment, it is possible to realize an optical 
15 amplifier apparatus capable of controlling the gain 
inclination as well as making constant the optical output 
level, in the amplification of a wavelength-multiplexed 
signal light . 
Fifth Embodiment: 
20 Fig . 8 shows a fifth embodiment of an optical amplifier 

apparatus according to the present invention. In Fig.. 8, 
portions corresponding to those in Fig. 1 and Fig. 7 are 
attached with like reference numerals of the portions in 
Fig. 1 and Fig. 7, and their explanation will be omitted. 
25 The optical amplifier apparatus of the fifth 



:loci&q*4-B7' .„,:oia-E::7 , o.iE: 

30 



embodiment has the optical amplifier 3, the optical variable 
attenuator 4, the compensation light source 17, the 
wavelength selecting unit 18, the output detecting unit 5, 
the output control unit 6, the gain inclination detecting 
5 unit 7, and the gain inclination control unit 20. 

The output detecting unit 5 detects an output level 
of a wavelength-multiplexed signal light at an output side 
of the wavelength selecting unit 18, and outputs a detection 
value to the output control unit 6. The output control unit 

10 6 controls the attenuation of an output signal light of the 
optical variable attenuator 4 according to the detection 
value so that the output level detected by the output 
detecting unit 5 becomes constant. The gain inclination 
detecting unit 7 detects a gain inclination from an output 

15 of the optical variable attenuator 4 , and outputs a detection 
value to the gain inclination control unit 20. The gain 
inclination control unit 20 controls the gain inclination 
to an optimum value by adjusting an output level of the 
compensation light source 17 according to a gain inclination 

20 (i.e. a value of the gain inclination) detected by the gain 
inclination detecting unit 7, in a similar manner to that 
of the fourth embodiment. 

Therefore, in this fifth embodiment also, like in the 
first embodiment, it is possible to realize an optical 

25 amplifier apparatus capable of controlling the gain 
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inclination as well as making constant the optical output 
level, in the amplification of a wavelength-multiplexed 
signal light . 
Sixth Embodiment: 
5 Fig. 9 shows a sixth embodiment of an optical amplifier 

apparatus according to the present invention. In Fig. 9, 
portions corresponding to those in Fig. 5 and Fig. 6 are 
attached with like reference numerals of the portions in 
Fig. 5 and Fig. 6, and their explanation will be omitted. 

10 The optical amplifier apparatus of the sixth 

embodiment has the optical amplifier 3, the optical variable 
attenuator 4, the compensation light source 17, the 
wavelength selecting unit 18, the output detecting unit 5, 
the output control Unit 19, the gain inclination detecting 

15 unit 7, and the gain inclination control unit 16. 

The output detecting unit 5 detects an output level 
of a wavelength-multiplexed signal light at an output side 
of the wavelength selecting unit 18, and outputs a detection 
value to the output control unit 19. The output control 

20 unit 19 controls an output level of the compensation light 
source 17 according to the detection value so that the output 
level detected by the output detecting unit 5 becomes 
constant, in a s imi 1 ar manne r to that of the third embodiment . 
The gain inclination detecting unit 7 detects a gain 

25 inclination from an output of the optical variable attenuator 
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4, and outputs a detection value to the gain inclination 
control unit 16. The gain inclination control unit 16 
controls the gain inclination to an optimum value by 
adjusting the attenuation of an output signal light 
5 attenuated by the optical variable attenuator 4 according 
to a gain inclination detected by the gain inclination 
detecting unit 7, in a similar manner to that of the second 
embodiment. 

Therefore, in this sixth embodiment also, like in the 

10 first embodiment, it is possible to realize an optical 
amplifier apparatus capable of controlling the gain 
inclination as well as making constant the optical output 
level, in the amplification of a wavelength-multiplexed 
signal light. 

15 Seventh Embodiment: 

Fig. 10 shows a seventh embodiment of an optical 
amplifier apparatus according to the present invention. In 
Fig. 10, portions corresponding to those in Fig. 1 are 
attached with like reference numerals of the portions in 

20 Fig. 1, and their explanation will be omitted. 

The optical amplifier apparatus of the seventh 
embodiment has the first and second optical amplifiers 3-1 
and 3-2, the optical variable at tenuator 4 , output detecting 
units 5-1 and 5-2, the output control unit 6, the gain 

25 inclination detecting unit 7, a gain inclination control 
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unit 23, input detecting units 2 1-1 and 2 1-2 , and gain control 
units 24-1 and 24-2. 

The gain of the first optical amplifier 3-1 and the 
gain of the second optical amplifier 3-2 are always the same . 
5 The output detecting unit 5-2 monitors an output level of 
the second optical amplifier 3-2, and the output control 
unit 6 control the optical variable attenuator 4 so that 
this output level becomes constant. Attenuation A of the 
optical variable attenuator 4 is uniquely determined as 

10 A=P2-Pl-2xG, where G represents a gain of the first optical 
amplifier 3-1 as we lias againofthe second optical amplifier 
3-2, P-l represents an input level of the first optical 
amplifier 3-1 , and P2 represents an output level of the second 
optical ampli fier 3-2 . On the other hand, a gain inclination 

15 D is expressed as a function of the gain G, like D=D (G) . 

In other words, it is possible to uniquely determine 
the gain inclination D based on the gain G of the first optical 
amplifier 3-1 and the second optical amplifier 3-2. It is 
possible to control the gain inclination by giving only the 

20 gain G of the optical amplifier from the outside, without 
changing the input and output levels. 

Fig. 11 shows an example of a gain inclination control. 
In this example of the gain inclination control, the control 
is carried out by setting an input level PI of the first 

25 optical amplifier 3-1 to -8dBm, an output level P2 of the 
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second optical amplifier 3-2 to +3dBm, and the gain G of 
the optical amplifiers to 9, 11, and 13 dB respectively. 
It can be understood that the gain inclination is controlled 
by controlling only the gain G of the optical amplifiers. 
5 Therefore, in this seventh embodiment also, like in 

the first embodiment, it is possible to realize an optical 
amplifier apparatus capable of controlling the gain 
inclination as well as making constant the optical output 
level, in the amplification of a wavelength-multiplexed 

10 signal light. 

Eighth Embodiment : 

Fig. 12 shows an eighth embodiment of an optical 
amplifier apparatus according to the present invention. In 
Fig. 12, portions corresponding to those in Fig. 5 and Fig. 

15 10 are attached with like reference numerals of the portions 
in Fig. 5 and Fig. 10, and their explanation will be omitted. 

The optical amplifier apparatus of the eighth 
embodiment has the first and second optical amplifiers 3-1 
and 3-2, the optical variable attenuator 4 , output detecting 

20 units 5-1 and 5-2, the output control unit 15, the gain 
inclination detecting unit 7, the gain inclination control 
unit 16, the input detecting units 21-1 and 21-2, and the 
gain control units 24-1 and 24-2. 

The output control unit 15 controls output lights of 

25 excitation light sources of the first optical amplifier 3-1 
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and the second optical amplifier 3-2 so that an output level 
becomes constant according to an output level detected by 
the output detecting unit 5-2 . Inthiscase, the gain control 
unit 24-1 and the gain control unit 24-2 control the output 
5 lights of the excitation light sources so that the gain of 
the first optical amplifier 3-1 becomes equal to the gain 
of the second optical amplifier 3-2. The gain inclination 
control unit 16 controls the gain inclination to an optimum 
value by adjusting the attenuation of an output signal light 

10 attenuated by the optical variable attenuator 4 according 
to a gain inclination detected by the gain inclination 
detecting unit 7 . 

Therefore, in this eighth embodiment also, like in 
the first embodiment, it is possible to realize an optical 

15 amplifier apparatus capable of controlling the gain 
inclination as well as making constant the optical output 
level, in the amplification of a wavelength-multiplexed 
signal light . 
Ninth Embodiment : 

20 . Fig . 13 shows a ninth embodiment of an optical amplifier 
apparatus according to the present invention. 

The optical amplifier apparatus of the ninth 
embodiment has the first and second optical amplifiers 3-1 
and 3-2, the optical variable attenuator 4, a first 

25 compensation light source 17-1 , a s econd compensation light 
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source 17-2, a first wavelength selecting unit 18 -1 , a second 
wavelength selecting unit 18-2, output detecting units 5-1 
and 5-2, the output control unit 6, the gain inclination 
detecting unit 7, the gain inclination control unit 20, the 
5 input detecting units 21-1 and 21-2, and the gain control 
units 24-1 and 24-2. The reference number 1 denotes the 
input terminal, and 2 denotes the output terminal. 

The output detecting unit 5-2 detects an output level 
of a wavelength-multiplexed signal light at an output side 

10 of the second wavelength selecting unit 18-2, and outputs 
a detection value to the output control unit 6. The output 
control unit 6 controls the attenuation of an output signal 
light attenuated by the optical variable attenuator 4 
according to the detection value so that the output level 

15 detected by the output detecting unit 5-2 becomes constant. 
The gain inclination detecting unit 7 detects a gain 
inclination from an out put of the second wavelength selecting 
unit 18-2, and outputs a detection value to the gain 
inclination control unit 20. The gain inclination control 

20 unit 20 controls the gain inclination to an optimum value 
by adjusting output levels of the first compensation light 
source 17-1 and the second compensation light source 17-2 
according to a gain inclination ( a detection value ) detected 
by the gain inclination detecting unit 7 . 

25 Therefore, in this ninth embodiment also, like in the 
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first embodiment, it is possible to realize an optical 
amplifier apparatus capable of controlling the gain 
inclination as well as making constant the optical output 
level, in the amplification of a wavelength-multiplexed 
5 signal light. 

Tenth Embodiment: 

Fig . 14 shows a tenth embodiment of an optical amplifier 
apparatus according to the present invention. 

The optical amplifier apparatus of the tenth 

10 embodiment has the first and second optical amplifiers 3-1 
and 3-2, the optical variable attenuator 4, the first and 
second compensation light sources 17-1 and 17-2, the first 
and second wavelength selecting units 18-1 and 18-2, the 
output detecting units 5-1 and 5-2, the output control unit 

15 19, the gain inclination detecting unit 7, the gain 
inclination control unit 16, the input detecting units 21-1 
and 21-2, and the gain control units 24-1 and 24-2. The 
reference number 1 denotes the input terminal, and 2 denotes 
the output terminal. 

20 The output detecting unit 5-2 detects an output level 

of a wavelength-multiplexed signal light at an output side 
of the second wavelength selecting unit 18-2, and outputs 
a detection value to the output control unit 19. The output 
control unit 19 controls output levels of the first 

25 compensation light source 17-1 and the second compensation 
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light source 17-2 according to the detection value so that 
the output level detected by the output detecting unit 5-2 
becomes constant. The gain inclination detecting unit 7 
detects a gain inclination from an output of the second 
wavelength selecting unit 18-2, and outputs a detection value 
to the gain inclination control unit 16. The gain 
inclination control unit 16 controls the gain inclination 
to an optimum value by adjusting the attenuation of an output 
signal light attenuated by the optical variable attenuator 
4 according to a gain inclination (a detection value) 
detected by the gain inclination detecting unit 7. 

Therefore, in this tenth embodiment also, like in the 
first embodiment, it is possible to realize an optical 
amplifier apparatus capable of controlling the gain 
inclination as well as making constant the optical output 
level, in the amplification of a wavelength-multiplexed 
signal light. 
Eleventh Embodiment: 

Fig. 15 shows an eleventh embodiment of an optical 
amplifier apparatus according to the present invention. 

The optical amplifier apparatus of the eleventh 
embodiment has the first and second optical amplifiers 3-1 
and 3-2, the first and second compensation light sources 
17-1 and 17-2, the first and second wavelength selecting 
units 18-1 and 18-2, the output detecting units 5-1 and 5-2, 
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the output control unit 19, the gain inclination detecting 
unit 7, the gain inclination control unit 23, the input 
detecting units 21-1 and 21-2, and the gain control units 
24-1 and 24-2. The reference number 1 denotes the input 
terminal, and 2 denotes the output terminal. 

The output detecting unit 5-2 detects an output level 
of a wavelength-multiplexed signal light at an output side 
of the second wavelength selecting unit 18-2, and outputs 
a detection value to the output control unit 19. The output 
control unit 19 controls output levels of the first 
compensation light source 17-1 and the second compensation 
light source 17-2 according to the detection value so that 
the output level detected by the output detecting unit 5-2 
becomes constant. The gain inclination detecting unit 7 
detects a gain inclination from an output of the second 
wavelength selecting unit 18-2, and outputs a detection value 
to the gain inclination control unit 23. The gain 
inclination control unit 23 controls the gain inclination 
to an optimum value by adjusting output lights of excitation 
light sources of the first optical amplifier 3-1 and the 
second optical amplifier 3-2 according to a gain inclination 
(a detection value) detected by the gain inclination 
detecting unit 7 . 

Therefore, in this eleventh embodiment also, like in 
the first embodiment, it is possible to realize an optical 
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amplifier apparatus capable of controlling the gain 
inclination as well as making constant the optical output 
level, in the amplification of a wavelength-multiplexed 
signal light. 
Twelfth Embodiment: 

Fig. 16 shows a twelfth embodiment of an optical 
amplifier apparatus according to the present invention. 

The optical amplifier apparatus of the twelfth 
embodiment has the first and second optical amplifiers 3-1 
and 3-2, the first and second compensation light sources 
17-1 and 17-2, the first and second wavelength selecting 
units 18-1 and 18-2, the output detecting units 5-1 and 5-2, 
the output control unit 15, the gain inclination detecting 
unit 7, the gain inclination control unit 20, the input 
detecting units 21-1 and 21-2, and the gain control units 
24-1 and 24-2. The reference number 1 denotes the input 
terminal, and 2 denotes the output terminal. 

The output detecting unit 5-2 detects an output level 
of a wavelength-multiplexed signal light at an output side 
of the second wavelength selecting unit 18-2, and outputs 
a detection value to the output control unit 15. The output 
control unit 15 controls output lights of excitation light 
sources of the first optical amplifier 3-1 and the second 
optical amplifier 3-2 according to the detection value so 
that the output level detected by the output detecting unit 
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5-2 becomes constant. The gain inclination detecting unit 
7 detects a gain inclination from an output of the second 
wavelength selecting unit 18-2, and outputs a detection value 
to the gain inclination control unit 20. The gain 
5 inclination control unit 20 controls the gain inclination 
to an optimum value by adjusting output lights of the first 
compensation light source 17-1 and the second compensation 
light source 17-2 according to a gain inclination (a 
detection value) detected by the gain inclination detecting 
10 unit 7. 

Therefore, in this twelfth embodiment also, like in 
the first embodiment, it is possible to realize an optical 
amplifier apparatus capable of controlling the gain 
inclination as well as making constant the optical output 

15 level, in the amplification of a wavelength-multiplexed 
signal light. 

As can be understood from the above explanation, 
according to one aspect of the present invention, the output 
control unit controls an output level of the optical 

20 amplifier according to an output level detected by the output 
detecting unit . The gain inclination control unit controls 
a gain inclination of the optical amplifier according to 
a gain inclination detected by the gain inclination detecting 
unit. Therefore, it is possible to realize an optical 

25 amplifier apparatus capable of controlling the gain 
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inclination as well as making constant the optical output 
level, in the amplification of a wavelength-multiplexed 
signal light. 

According to another aspect of the invention, the 
5 output control unit controls the attenuation of an output 
signal light attenuated by the optical variable attenuator 
according to an output level detected by the output detecting 
unit. The gain inclination control unit controls a gain 
inclination by adjusting an output light of an excitation 

10 light source of the optical amplifier according to a gain 
inclination detected by the gain inclination detecting unit. 
Therefore, it is possible to realize an optical amplifier 
apparatus capable of controlling the gain inclination as 
well as making constant the optical output level, in the 

15 amplification of a wavelength-multiplexed signal light. 

According to still another aspect of the invention, 
the output control unit controls an output light of an 
excitation light source of the optical amplifier according 
to an output level detected by the output detecting unit. 

2 0 The gain inclination control unit controls a gain inclination 
by adjusting the attenuation of an output signal light 
attenuated by the optical variable attenuator according to 
a gain inclination detected by the gain inclination detecting 
unit. Therefore, it is possible to realize an optical 

25 amplifier apparatus capable of controlling the gain 
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inclination as well as making constant the optical output 
level, in the amplification of a wavelength-multiplexed 
signal light. 

According to still another aspect of the invention, 
5 the output control unit controls an output light of the 
compensation light source according to an output level 
detected by the output detecting unit . The gain inclination 
control unit adjusts an output light of an excitation light 
source of the optical amplifier according to a gain 

10 inclination detected by the gain inclination detecting unit . 
Therefore, it is possible to realize an optical amplifier 
apparatus capable of controlling the gain inclination as 
well as making constant the optical output level, in the 
amplification of a wavelength-multiplexed signal light. 

15 According to still another aspect of the invention, 

the output control unit controls an output light of an 
excitation light source of the optical amplifier according 
to an output level detected by the output detecting unit. 
The gain inclination adjusts an output light of the 

20 compensation light source according to a gain inclination 
detected by the gain inclination detecting unit . Therefore 
it is possible to realize an optical amplifier apparatus 
capable of controlling the gain inclination as well as making 
constant the optical output level, in the amplification of 

25 a wavelength-multiplexed signal light. 
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According to still another aspect of the invention, 
the output control unit controls the attenuation of an output 
signal light of the optical variable attenuator according 
to an output level detected by the output detecting unit. 
5 The gain inclination control unit adjusts an output light 
of the compensation light source according to a gain 
inclination detected by the gain inclination detecting unit . 
Therefore, it is possible to realize an optical amplifier 
apparatus capable of controlling the gain inclination as 

10 well as making constant the optical output level, in the 
amplification of a wavelength-multiplexed signal light. 

According to still another aspect of the invention, 
the output control unit controls an output light of the 
compensation light source according to an output level 

15 detected by the output detecting unit . The gain inclination 
control unit controls a gain inclination by adjusting the 
attenuation of an output signal light attenuated by the 
optical variable attenuator according to a gain inclination 
detected by the gain inclination detecting unit . Therefore 

20 it is possible to realize an optical amplifier apparatus 
capable of controlling the gain inclination as well as making 
constant the optical output level, in the amplification of 
a wavelength-multiplexed signal light. 

According to still another aspect of the invention, 

25 the output control unit controls the attenuation of an output 
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signal light attenuated by the optical variable attenuator 
according to an output level detectedby the output detecting 
unit. The gain inclination control unit controls a gain 
inclination by adjusting output lights of excitation light 
5 sources of the first optical amplifier and the second optical 
amplifier according to a gain inclination detected by the 
gain inclination detecting unit . Therefore, it is possible 
to realize an optical amplifier apparatus capable of 
controlling the gain inclination as well as making constant 

10 the optical output level, in the amplification of a 
wavelength-multiplexed signal light. 

According to still another aspect of the invention, 
the output control unit controls output lights of excitation 
light sources of the first optical amplifier and the second 

15 optical amplifier according to an output level detected by 
the output detecting unit. The gain inclination control 
unit controls a gain inclination byadjustingthe attenuation 
of an output signal light attenuated by the optical variable 
attenuator according to a gain inclination detected by the 

20 gain inclination detecting unit . Therefore, it is possible 
to realize an optical amplifier apparatus capable of 
controlling the gain inclination as well as making constant 
the optical output level, in the amplification of a 
wavelength-multiplexed signal light. 

25 According to still another aspect of the invention, 
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the output control unit controls the attenuation of an output 
signal light attenuated by the optical variable attenuator 
according to an output level detected by the output detecting 
unit. The gain inclination control unit controls a gain 
5 inclination by adjusting an output light of the compensation 
light source according to a gain inclination detected by 
the gain inclination detecting, unit. Therefore, it is 
possible to realize an optical amplifier apparatus capable 
of controlling the gain inclination as well as making 

10 constant the optical output level, in the amplification of 
a wavelength-multiplexed signal' light. 

According to still another aspect of the invention, 
the output control unit controls an output light of the 
compensation light source according to an output level 

15 detected by the output detecting unit . The gain inclination 
control unit controls a gain inclination by adjusting the 
attenuation of an output signal light attenuated by the 
optical variable attenuator according to a gain inclination 
detected by the gain inclination detecting unit. Therefore, 

20 it is possible to realize an optical amplifier apparatus 
capable of controlling the gain inclination as well as making 
constant the optical output level, in the amplification of 
a wavelength-multiplexed signal light. 

According to still another aspect of the invention, 

25 the output control unit controls output lights of excitation 
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light sources of the first optical amplifier and the second 
optical amplifier according to an output of the output 
detecting unit. The gain inclination control unit controls 
a gain inclination by adjusting an output light of the 
compensation light source according to a gain inclination 
detected by the gain inclination detecting unit. There fore, 
it is possible to realize an optical amplifier apparatus 
capable of controlling the gain inclination as well as making 
constant the optical output level, in the amplification of 
a wavelength-multiplexed signal light. 

According to still another aspect of the invention, 
the output control unit controls an output light of the 
compensation light source according to an output level 
detected by the output detecting unit . The gain inclination 
control unit controls a gain inclination by adjusting output 
lights of an excitation light source of the first optical 
amplifier and an excitation light source of the second 
optical amplifier according to a gain inclination detected 
by the gain inclination detecting unit. Therefore, it is 
possible to realize an optical amplifier apparatus capable 
of controlling the gain inclination as well as making 
constant the optical output level, in the amplification of 
a wavelength-multiplexed signal light. 

Moreover, the gain inclination detecting unit branches 
a wavelength-multiplexed signal light, and detects a gain 
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inclination from optical signal levels of a shortest wave 
and a longest wave. Therefore, it is possible to properly 
detect the gain inclination. 

Furthermore, the gain inclination detecting unit 

5 branches a wavelength-multiplexed signal light , and detects 
a gain inclination from optical signal levels of three or 
more waves. Therefore, it is possible to properly detect 
the gain inclination. 

Moreover, the gain inclination detecting unit detects 

0 frequency components superimposed on the optical signals 
of respective wavelengths thereby to detect a gain 
inclination. Therefore, it is possible to properly detect 
the gain inclination. 

Furthermore, the gain inclination detecting unit 

5 detects frequency components superimposed on the optical 
signals thereby to detect a gain inclination. Therefore, 
it is possible to properly detect the gain inclination. 

INDUSTRIAL APPLICABILITY 
0 As explained above, the optical amplifier apparatus 

according to the present invention is suitable for 
application to an optical repeater and the like for 
wavelength multiplex transmission. 



